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内 容 摘 要 






    复杂异质生物大数据分析的基本问题是如何从未知复杂度的大数据中重构


































    Complexity and heterogeneity are the predominant features that 
underlie the data of various fields, including microbiome, virome, 
immunogenome, and cancer genome. In general, the data mixes millions of 
short sequences yielded from hundreds to thousands of DNA molecules, 
which could exhibit distinct physical, chemical, physiological, and 
genetic phenotypes. However, the origin of each short sequence is 
unspecified. Due to the complexity, heterogeneity, and unspecified 
number of mixed DNA molecules, it is a grand challenge to computationally 
recover the DNA molecules in terms of sequence and composition from short 
sequence data. We here proposed a generic computational framework to 
address this issue. In this framework, we developed a representation 
method to store and encode the complex and heterogeneous sequencing data. 
We devised a probabilistic model to formulate the generation of short 
sequence data. We implemented a progressive Dirichlet process method to 
infer the underlying number of DNA molecules and estimate the parameters 
of probabilistic models automatically from short sequence data. We 
implemented two open-source academic software tools following the 
computational framework. AMASS is to reconstruct error-free consensus 
sequences of prokaryotic operational taxonomic units (OTUs) using 16S 
amplicon sequencing data. RAMBL is to reconstruct full-length 16S gene 
sequences using metagenomics shotgun sequencing data. By testing against 
the simulation and real benchmark datasets, we demonstrated that our 
method substantially improved the accuracy and quality of OTU calling 
and 16S gene assembly. Our work provides new features for high-quality 
microbiome analysis, triggers new thinking on the development of novel 
methods, and raises retrospective discussions about the validity of 
biological conclusions drawn from heterogeneous data. 
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    近年来，随着纳米尺度上的大规模并行技术的突破，测序文库制备方案的
改进，以及 DNA聚合酶质量的提高，DNA测序技术取得了颠覆式的发展，在数
据的产量和质量上都有飞跃式的提高[1]–[3]。在 2001年完成的人类基因组计
划采用的是 Sanger测序技术，其数据产出速率是每小时产出 230到 240个测序
读段[4], [5]。新一代的 Illumina MiSeq测序平台每小时就可以产生 700000












































    免疫基因组学主要研究人体免疫系统中的淋巴细胞的 DNA。人体的免疫系
统包括了先天免疫系统和后天免疫系统。后天免疫系统主要由淋巴细胞组成，








乎所有的病毒和细菌。测序抗原受体的 DNA、人体中 B细胞和 T细胞的种类、
亚群结构和组成比例是细胞免疫学的重要问题。高通量测序技术可以捕获所有
的 B细胞和 T细胞，测序抗原受体的 DNA序列，观测抗原受体的遗传变异，分
析这些变异和免疫系统之间的联系。 





























































16S基因的长度大约是 1500bp。图 1.1是 16S基因的序列结构，主要包括































图 1.2   16S基因扩增测序的示意图。使用 PCR引物 515F和 806R靶向扩增
16S基因的 V4区域。V4区域序列的两端加上索引序列（Index）制成测序文



























图 1.3   宏基因组测序流程（图片引自维基百科 Wikipedia） 
1.3 已有的分析方法及其不足 
    现有的方法研究主要集中在数据预处理、聚类、数据库搜索和序列拼接
（或者称为序列拼装、序列装配等）等四个方面。 

































Intel的 i7-6700K处理器（主频 4.0GHz）对一百万个长度为 100bp的测序读段
进行聚类，至少需要 28天才能完成计算。复杂异质 DNA测序数据的聚类对计算
性能提出了很高的要求。另一个重要的影响因素是测序错误。前面提到，一种
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